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Antigens of the Ia type are classically found on B lymphocytes (1), some activated 
T  lymphocytes (2), and accessory cells of the macrophage/dendritic cell lineages  (3, 
4)  in mice, and have a similar limited tissue distribution in the rat (5, 6, 7). They are 
antigenic determinants on surface glycoproteins that have important roles in antigen 
presentation to T  lymphocytes, in cell interactions leading to B lymphocyte activation 
and in activation of T  lymphocytes by alloantigens in graft-versus-host disease and in 
the mixed leukocyte reaction  (reviewed in reference 8). Thymic epithelium, while a 
nonlymphoid cell-type, expresses Ia antigens  in a  lymphoid environment  (9,  10).  Ia 
molecules may be Ir gene products  (11)  and  it has been suggested that  they could 
represent primary recognition receptors for antigen (12,  13,  14). 
Ia antigens have recently been described in association with a  number of nonlym- 
phoid cells, including vascular endothelium  (15)  and a number of epithelia in guinea 
pigs  (16,  17),  man  (18-21),  mice  (22,  23),  and rats  (24-26).  The work of Hart and 
Fabre  (24)  and  Mayrhofer  et  al.  (26)  strongly  suggests  that  the  Ia  antigens  are 
synthesized  by the  epithelial  cells  and  not  passively acquired.  These  findings  pose 
questions as to whether Ia molecules function in nonlymphoid cells in an immunolog- 
ical  context  or  whether  they  have  different  functions,  perhaps  related  to  tissue 
organization  (6)  or  to  lymphoid  cell  migration  (16).  Antigen  in  association  with 
human vascular endothelial cells has been shown to stimulate T  lymphocyte blasto- 
genesis in vitro (15).  Ia molecules associated with epithelial cells could therefore be 
important in the handling of antigens at mucosal surfaces and clues to their function 
might follow definition of their subcellular localization. 
We have recently described  the expression and distribution  of Ia antigens  in rat 
intestinal  epithelium  (26).  In  these  cells,  the  distribution  of  immunoperoxidase 
reaction product in cryostat sections of fresh-frozen tissue suggested that much of the 
antigen  was  intracellular,  while  Hart  and  Fabre  (24)  have  described  Ia  antigens 
within the cytoplasm of rat renal tubular cells. We have further defined the subcellular 
localization of Ia molecules in the epithelium of rat kidney by the use of tissue fixation, 
immunoperoxidase detection of antigen, and histochemical identification of lysosomes. 
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We have also examined the genetic control of Ia antigen expression in renal epithelium 
and noted its distribution on other cell types in the kidney. 
Materials and Methods 
Animals.  Male DA (RTI~), PVG/c (RTI~), and AO (RTI  u) rats were specific pathogens-free 
adults from the MRC Cellular Immunology Unit. Conventional  adult female BN (RTI"I! rats 
were bred at the Princess Margaret Hospital. For genetic studies, male, age-matched conven- 
tional PVG/c, DA, [PVG/c ×  DA]F1 and PVG/RT1  ~ (congenic with PVG/c) rats were kindly 
provided by Dr. J. C. Howard (Agricultural Research Council Institute of Animal Physiology, 
Babraham, U.K.). 
Preparation  of  Tissues.  Kidneys were  removed  under ether  anesthesia.  For  fresh  frozen 
sections, a  2-3-mm thick  transverse section including the  renal pedicle was  embedded by 
freezing in OCT  medium (Tissue-Tek II,  Miles Laboratories, USA)  using liquid nitrogen- 
cooled isopentane. 5-/zm cross-sections of the kidney were cut using a Bright cryostat, air dried 
at room temperature for  1-2 h, fixed in absolute ethanol at 4°C for  10 min, and rehydrated 
through 70% ethanol to PBS 1 (Dulbeeeo's phosphate-buffered saline, Solution A, Oxoid, U.K.) 
before incubation with antibodies. 
For  sections of  fixed  kidney,  three  methods  were  used.  (a)  For  demonstration of acid 
phosphatase,  2-3-ram transverse sections of the  cortex  were  fixed  for  24  h  at  4°C  in 4% 
paraformaldehyde freshly prepared in 0.1  M cacodylate buffer containing 1% CaCIz, pH 7.2. 
After washing in three changes of gum-sucrose medium (27) for 24 h at 4°C the blocks were 
transferred to a 2:1 mixture of OCT in distilled water for 18 h and then neat OCT for 3 h. The 
tissues were then frozen in fresh OCT as above. 5-#m cryostat sections were cut and air dried 
for 1-2 h before staining. 
(b) For antigen localization studies, 1-2-mm cubes of renal cortex were fixed at 4°C in 0.1 M 
caeodylate buffer containing 1% paraformaldehyde, 0.05% glutaraldehyde, and 0.1 M sucrose 
for 6 h and washed in three changes of 0.01 M  cacodylate buffer containing 0.25  M  sucrose 
(washing buffer) for 24 h. The tissues were then embedded and sectioned at 5/~m as described 
above. 
(c) For morphological studies, 1-2-mm cubes of renal cortex were fixed at 4°C for 4 h in 2% 
glutaraldehyde and  1%  paraformaldehyde, washed  in three changes of washing buffer and 
postfixed in  1% osmium tetroxide in 0.1  M  cacodylate buffer for 4 h. The tissues  were then 
washed  in three changes of washing buffer for  2  h,  dehydrated through an acetone series, 
embedded in an Epon-Araldite mixture and sectioned at  1 #m. 
Antisera.  Mouse monoclonal IgG antisera raised against "framework" determinants of rat 
Ia molecules have been described elsewhere  (28, 29). MRC OX4 and MRC OX6 antibodies 
cross-react  with gene products of the I-A subregion of the mouse major histocompatibility 
complex (MHC) and MRC OX17 cross-reacts  with an I-E/C subregion gene product. MRC 
OX18 detects Class I antigens of all rat strains (29). A mouse monoclonal anti-human HLA 
antibody (W6/32) was used as a negative control (26). The monoclonal antibodies were used 
as  hybridoma culture supernatants containing ~50/zg/ml of antibody, to which was  added 
10% normal rat serum to inhibit Fc binding of mouse IgG. 
Horseradish peroxidase conjugated to rabbit F(ab')2 anti-mouse IgG (RAM-HRP) has been 
described elsewhere (30) and was used at a concentration of 40 #g protein/ml in the presence 
of 10% normal rat serum. In some experiments a  sheep anti-mouse IgG conjugate (SHAM- 
HRP)  was  used.  Hyperimmune sheep  anti-mouse IgG was  raised  against  mouse  IgG  (all 
subclasses)  that had been purified by elution from a Staphylococcal protein A-Sepharose C1- 
4B column (Pharmacia, Sweden) by the method of Watanabe et al.  (31). Antibodies cross- 
reacting with rat immunoglobulins  were removed from the sheep antiserum by passage through 
a rat IgG-Sepharose 4B column. Immunopurified  sheep IgG-anti-mouse  IgG (SHAM) was then 
prepared by absorption to a mouse IgG-Sepharose 4B column and elution with 3 M  NaSCN. 
The resultant antibody did not significantly react with rat  IgG in a  sensitive ELISA assay. 
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Dulbecco's phosphate-buffered saline, solution A; RAM-HRP and SHAM-HRP, respective conjugates of 
horseradish peroxidase with rabbit F(ab')u anti-mouse IgG or sheep anti-mouse IgG. MAYRHOFER AND SCHON-HEGRAD  2099 
Conjugation to horseradish peroxidase was as described for RAM-HRP. Fluorescein isothio- 
cyanate-conjugated immunopurified rabbit F(ab')2 anti-mouse IgG (32) was used at 20 pg/ml 
in the presence of 10% normal rat serum. 
Staining of Tissues.  Immunoperoxidase detection of antigens by an indirect technique was 
essentially as described elsewhere (26, 30). Incubations with antibodies were performed at 4°C 
for 1 h  in the case of fresh-frozen sections and RAM-HRP was used to detect bound mouse 
antibodies. In the case of fixed-frozen tissue, sections were incubated with antibodies for 2 h at 
4°C  and  SHAM-HRP  replaced  RAM-HRP.  After  washing,  enzyme-linked  antibody  was 
revealed by reacting with 3,3'-diaminobenzidine and hydrogen peroxide for 10 min at room 
temperature.  The sections were lightly stained with Harris' hematoxylin (30).  In some cases 
sections were stained by the PAS method before hematoxylin. For qualitative comparisons of 
Ia antigen between various rat strains, sections were processed in batches to ensure identical 
treatment. 
Acid  phosphatase  was  demonstrated  by  a  modified  Gomori  technique  (33) or  by  the 
simultaneous azo-coupling method using naphthol AS-TR phosphate (34). Thin plastic sections 
(1 pm) of fixed kidney were stained with 1% Toluidine Blue 0 in 1% borax or with hematoxylin 
and eosin after etching with sodium ethoxide. 
Analysis of Ia Antigen on Lymphoid Cells.  Cells were obtained  from submandibular  lymph 
nodes  by teasing  with  fine  forceps  in  DAB/NBCS  (Dulbecco's phosphate-buffered  saline, 
solutions  A  plus  B,  containing 5%  newborn  calf serum).  After washing with  DAB/NBCS, 
aliquots containing 1 ×  106 cells were pelleted in Dreyer tubes and resuspended in 50-#1 aliquots 
of either  MRC  OX4 or W6/32  culture  supernatants.  This  and  all  subsequent  steps  were 
conducted at 0°C in the presence of 0.01  M  sodium azide. After incubation for 1 h  the ceils 
were  washed  three  times  in  DAB/NBCS  and  incubated  for  1  h  with  RAM-FITC.  The 
suspensions were then diluted to -  1 ml with DAB/NBCS and analyzed using the Fluorescence 
Activated Cell  Sorter  (FACS II; B-D FACS Systems, Becton, Dickinson  & Co.,  Sunnyvale, 
CA). Fluorescence profiles were obtained from analysis of 2  ×  104 cells.  Labeling by MRC 
OX4 antibody was significant when the fluorescence intensity exceeded that of 98% of cells 
incubated with W6/32. 
Results 
Distribution  of Ia  Antigens  in  Fresh-frozen Kidneys of DA  and  BN Rats.  Essentially 
similar results were obtained for both rat strains. Furthermore, MRC OX4 and MRC 
OX6 antibodies  (detecting I-A gene products)  produced identical  results and MRC 
OX17  antibody  (detecting  an  I-E/C  gene product)  also had  the same  distribution 
although the staining intensity was less than with either MRC  OX4 or MRC  OX6. 
There  was  no staining  of any  tissue  components  with  W6/32  antibody.  Only  the 
results for MRC  OX4 are illustrated. 
(a)  RENAL TUBULES.  Many tubules in the cortex were densely stained by all anti- 
Ia antisera  (Figs.  1 a  and  3 a)  but  tubules  in  the  medulla  and  renal  pyramid  were 
negative (not shown). Combined staining for Ia antigens and for the proximal tubule 
glycocalyx by the PAS method  (Figs.  1 a  and  1 b) showed that all Ia-positive tubules 
were also PAS-positive. PAS-negative tubules (i.e.  distal tubules and collecting ducts) 
were Ia-negative.  However, many PAS-positive tubules  were Ia-negative and closer 
examination (Fig. 1 b) revealed that as proximal convoluted tubules entered medullary 
rays, staining for Ia antigens became patchy and was then lost. Therefore, Ia antigen 
is restricted to the convoluted portion of the proximal tubule and is not expressed by 
either the parietal epithelium  of Bowman's capsule  (Fig.  1 a) or the epithelium distal 
to the proximal convolutions. 
(b)  GLOMERULL  The vascular endothelium,  the visceral epithelium  of Bowman's 
capsule and most of the mesangium were Ia-negative. However, many cross-sections 
contained from one to four densely stained Ia-positive cells (Fig.  1 a) that appeared to 2100  Ia ANTIGENS IN  THE  KIDNEY MAYRHOFER  AND  SCHON-HEGRAD  2101 
be within the mesangium. 
(C) INTERSTITIUM.  Many densely stained Ia-positive cells with dendritic morphology 
were scattered throughout the cortex between the renal tubules (Figs.  2a and 3a-c). 
Dendritic cells were very numerous at the cortico-medullaryjunction (see below), rare 
in  the  outer  medulla,  and  absent  from  the  renal  pyramid  parenchyma  and  its 
epithelium. 
(d) PELVIS.  The transitional epithelium of the renal pelvis was not stained by any 
of the antibodies. However, its lamina propria contained many large dendritic cells. 
In  some  areas,  Ia-positive  dendritic  cells  were  observed  between  the  ceils  of the 
transitional epithelium, having presumably migrated from the underlying lamina 
propria (Fig. 2 b). 
(e)  BLOOD VESSELS.  No vascular endothelium was stained by anti-Ia antibodies. 
This included the endothelia of the glomerular capillaries (Fig.  I a), the vasa recta, 
and large intrarenal branches of the renal artery and vein. 
Class I  Antigens  in Fresh-fiozen Kidneys of DA  Rats.  The  distributions of Class  I 
antigens (MRC OX18 antibody) and Class II antigens (MRC OX4)  were compared 
in  DA kidney (not  illustrated).  In contrast  to Class II antigens, none of the renal 
tubules were significantly stained for Class I antigens. However, the endothelia of the 
glomerular capillaries, the capillaries between tubules, and the large intrarenal blood 
vessels were strongly stained by MRC OX18. 
Strain Variation ofla Antigen Expression.  Kidneys from the following rat strains were 
examined using MRC OX4 antibody: DA (RTla), BN (RTln), PVG/c (RTlC), and 
AO  (RTlU).  Dendritic  cells  in  all  strains  were  strongly  stained  by  MRC  OX4 
antibody, but  strong staining of renal  rubules was only observed  in  DA and  BN 
kidneys. Weak, just detectable staining of proximal tubules was sometimes observed 
in PVG/c and AO kidneys. 
The genetic control of Ia antigen expression in renal epithelium was examined in 
FIG.  1.  Ia antigens in  rat  kidney. A-C,  fresh frozen sections of DA kidney showing Ia antigen 
detected with MRC  OX4 antibody. The sections were also stained by the PAS technique and 
counterstained with hematoxylin. A, PAS-positive proximal tubules are strongly stained by peroxi- 
dase reaction  product,  indicating the presence of Ia  antigen.  PAS-negative distal  tubules  (large 
arrows) do not contain Ia antigen. The glomerulus is Ia-negative, with the exception of one strongly 
stained cell (small arrow). Dendritic cells between the tubules are also strongly stained (arrowheads). 
B, a  medullary ray and adjacent cortex. Note that PAS-positive proximal tubules become progres- 
sively Ia-negative as they leave the cortex (left) and pass towards the medulla (right). Densely stained 
Ia-positive dendritic cells are present between tubules in the medullary ray (arrows). C, high power 
view of an Ia-positive proximal tubule.  Note the granular  appearance and predominantly basal 
distribution of the peroxidase reaction product in the epithelium. Some adjacent proximal tubules 
are Ia-negative (arrow). D, high power view of a proximal tubule in fixed-frozen kidney, stained for 
acid phosphatase to  show lysosomes and  counterstained with hematoxylin and eosin.  Note the 
granular appearance of the lysosomes in the epithelial cells of proximal tubules. E-H, localization 
of Ia antigens in fixed-frozen sections of BN kidney, using MRC OX4 and MRC OX6 antibodies 
in  combination.  Note  that  fixed  erythrocytes in  capillaries  between  the  tubules  show  pseudo- 
peroxidase activity. E, tubules in axial section. Note the appearance suggesting staining of closely 
stacked membranes that extend from the bases of the cells almost to the lumen. F, Ia-positive tubules 
in axial section and cross section. The stained interdigitating lateral cell membranes of cells viewed 
enface can be seen where the central tubule is obliquely sectioned (arrow). G, an oblique section of 
an Ia-positive tubule with epithelial cells viewed enface. Note the stained interdigitating lateral cell 
membranes outlining the ceils. H, a stained Ia-positive tubule counterstained by the PAS method. 
Note reaction product at the bases of cells and along the lateral cell borders (arrows), but absence of 
reaction product in association with the PAS-positive lumenal brush border. A, ×  295;  B, ×  74;  C- 
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FEc.  2.  Ia-positive  dendritic cells in the kidney stained with MRC OX4 antibody. (A) Dendritic 
cells in the interstitial connective tissues between tubules in the cortex. Note the dense reaction 
product, the  irregular shapes of the cells and the large nucleus in one of the cells (arrow). (B) 
Numerous dendritic cells stained in the lamina propria of the renal pelvis. Note that some cells 
appear to have entered or extended processes into the overlying transitional epithelium (arrows). A, 
× 714; B, X 270. 
Fta.  3.  Genetic regulation of Ia antigen expression in renal epithelium. Sections from age- and 
sex-matched rats stained with MRC OX4 antibody show dense staining of proximal tubules in DA 
kidney (A) hut only faint staining of a few tubules (e.g. arrows) in PVG/C (B) and PVG/RT  ~ (C) 
kidneys. Photographed using a blue filter to enhance contrast of the peroxidase reaction product. 
All, x  71. 
two replicate experiments. In each, age- and sex-matched rats from the same conven- 
tional animal house were sacrificed and the kidneys processed  in batches for fresh- 
frozen sections. Staining with MRC OX4 and MRC OX 17 antibodies was compared 
in DA, PVG/c, (DA ×  PVG/c)F1 hybrid, and PVG. RT1 a kidneys. As the ranking of 
staining intensity was the same for both antibodies, only sections stained with MRC 
OX4  antibody are  shown  (Fig.  3).  Staining of proximal tubules was  dense in DA 
kidneys (Fig. 3a)  but just detectable in PVG/c kidneys (Fig. 3b). The staining was 
intermediate in intensity in (DA X  PVG/c)Fa hybrid kidneys (not shown)  while in 
congenic PVG/RT1 a kidneys, it was comparable in intensity to staining in PVG/c 
parental kidney (Fig. 3 c). 
In contrast, staining of dendritic cells appeared to have equal intensity in all strains. 
Furthermore, counts of dendritic cells per unit area of cortex were not greatly different 
between DA  and  PVG/c  rats.  Counts were  made  in the  subcapsular cortex,  mid- 
cortex  and  cortico-medullary areas  of the  kidneys and  are  expressed  as  means of 
dendritic cells from  10  high  power  fields  (the  standard error of the  mean did not 
exceed 2 in any instance). In the first experiment, respective counts were:- DA: 14,  15, MAYRHOFER AND SCHON-HEGRAD  2103 
and 30; PVG/c:  22,  17, and 34, and in the second experiment:- DA:  17,  12, and 27; 
PVG/c:  15,  13, and  19. 
Expression of Ia Antigen on B Lymphocytes.  The differences in expression of Ia antigens 
in renal epithelium were not reflected in the levels of expression of surface Ia antigen 
by B lymphocytes. Fig. 4 illustrates the fluorescence profiles of lymph node cells from 
DA,  PVG/c,  IDA  X  PVG/c]F1  and  PVG/RT1 a  rats  labeled  with  MRC  OX4 
antibody. A similar proportion of cells from each animal was labeled and the profiles 
of fluorescence intensity were indistinguishable. 
Cellular Distribution  of Ia Antigens  m  Tubule Epithelial  Cells.  The appearance of the 
immunoperoxidase reaction  product  in  fresh-frozen sections strongly suggested  the 
presence of Ia antigen  within  the epithelial  cells,  with  a  mainly basal  distribution 
(Fig.  1 c).  Furthermore,  the  granular  reaction  product  in  some  tubules  suggested 
possible  association  of Ia  antigens  with  cytoplasmic organelles  such  as  lysosomes, 
which are plentiful in the proximal tubule epithelium  (Fig.  1 d). These appearances, 
and  the  coincidental  distribution  of the  antigen  and  lysosomes  in  the  proximal 
tubules, suggested that Ia antigens might be components of the phagolysosome system. 
Antigen localization has been attempted in fixed tissue to obtain improved preser- 
vation of structure.  Adequate preservation of structure and lysosomal acid phospha- 
tase localization, with retention of the antigenicity of Ia molecules, has been achieved 
in  tissues  fixed with  1% paraformaldehyde and 0.05%  glutaraldehyde.  Antigenicity 
was best preserved in the deeper regions of blocks and was lost after fixation for 24 h. 
The localization of antigens by a mixture of MRC OX4 and MR OX6 antibodies in 
fixed tissues is shown in Figs.  1 e-g. 
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Fro. 4.  Expression of Ia antigen on the surfaces of rat B lymphocytes. Lymph node cells were 
stained with MRC OX4 antibody using an indirect immunofluorescent  technique and analyzed by 
flow cytometry. The  fluorescence profiles were obtained  from  1 ×  10  5 cells in  each case. a, 
PVG.RTla; b, [PVG/C × DA]Fi hybrid; c, DA; d, PVG/C. Vertical axis, logarithmic plot of cells 
per channel; horizontal axis, fluorescence intensity. 2104  Ia  ANTIGENS  IN  THE  KIDNEY 
cells  when  viewed  en face,  the  immunoperoxidase  reaction  product  outlining  the 
interdigitating cell membranes of adjacent cells (Figs.  lfand g). The antigens are not 
associated  with  the  PAS-positive brush  borders of the proximal tubular  cells,  but 
extend close to the lumenal surface on the lateral cell membranes  (Fig.  1  h). In cells 
sectioned in a  plane from lumen to base  (Figs.  1 e and f), a  complex picture is seen 
suggestive of Ia antigens associated with vertically stacked intracellular membranes 
extending from the base of the cell  almost  to  the  lumen.  No  circular or  granular 
profiles  such  as  those  seen  in  fresh-frozen sections  (Fig.  1 c)  were  found  in  fixed 
material. Fig. 5 a and b illustrate the appearances of intercellular junctions and of the 
extensively infolded basal  cell membranes in  tubular epithelial cells in  thin  plastic 
sections of well-fixed kidney. 
Discussion 
Ia antigens in  the kidney may be important  in  rejection of renal allografts  (35), 
could be involved in immune responses to local infection and have as yet undefined 
function in  tubular epithelium  (16,  24). Their distributions on the various cellular 
components  of rat  kidneys  have  been  investigated  using  an  immunoperoxidase 
technique, thus allowing better identification of cells than is possible with immuno- 
fluorescence.  Ia  antigens  have  been  localized  to  two  cell  types:  proximal  tubule 
epithelium and  interstitial  dendritic cells.  In  agreement with  Hart  and  Fabre  (24) 
and in partial agreement with Von Willebrand et al.  (36), all vascular endothelium 
in rat kidney was negative for Ia antigens but was positive for Class I antigens. This 
finding contrasts with the presence of Ia antigens on human renal vascular endothe- 
lium (20, 37, 38). 
Other immunochemical and serological studies have shown that kidneys from DA 
rats contain large amounts of Ia antigens when compared with kidneys from PVG/c 
rats  (5, 39). The present study suggests that the differences cannot be accounted for 
by numbers of Ia antigen-bearing interstitial cells.  However, the striking differences 
in expression of Ia antigens by the tubular epithelia of the two rat strains provide a 
FIG.  5.  Photomicrographs of 1-#m sections from plastic-embedded kidney fixed with glutaralde- 
hyde  and  paraformaldehyde and  postfixed in  Osmium  tetroxide.  (A)  Mainly  axial  section of a 
tubule showing the extensively infolded basal cell membranes of the tubular epithelial ceils. The 
section becomes oblique  at  both  ends, revealing interdigitating lateral  membranes around  cells 
viewed enface  (arrows). Note the similarities to Fig. 1E and F. (B) Section passing through a tubule 
in the plane of the epithelial cell nuclei. The interdigitating cell borders are similar to those in Fig. 
lg. Both, ×  1,000. MAYRHOFER AND SCHON-HEGRAD  2105 
ready explanation. The almost qualitative differences in expression between PVG/c 
and AO rats on the one hand and DA and BN rats on the other were found for gene- 
products of  both I-A and I-E/C subregions. Studies on the intestines in DA and PVG/ 
c rats (26) and AO and BN rats (unpublished results) show that the traits for high or 
low expression of Ia antigens concur in intestinal epithelium (endoderm-derived) and 
renal  epithelium  (mesoderm-derived). The  Ia  antigens  in  renal  (24)  and  gut  (26) 
epithelia have been shown to be endogenously synthesized and the concordant results 
with  three  monoclonal  antisera  directed  at  different  "framework" epitopes  on  Ia 
molecules encoded by at least two separate loci makes remote the possibility that the 
staining observed is due to cross-reactions with non-Ia molecules in renal epithelium. 
Genetic studies in [DA ×  PVG/c]F1 hybrids and PVG/RT1 a congenics allow the 
following conclusions. Firstly, high expression of I-A (MRC OX4) and I-E/C (MRC 
OX17)  encoded antigens appears  to be a  dominant  characteristic because staining 
was stronger in F1  hybrid kidney than in the PVG/c parental strain.  Gene dosage 
may explain  the weaker staining  in  the F1  hybrid as compared to the DA parent 
strain.  Secondly, the  low levels of both  Ia  antigens  in  the  tubules  of PVG/RT1 a 
kidneys  show  that  expression  of both  loci  is  under  control  of non-MHC  genes. 
However,  these  genes  do  not  appear  to  affect  the  levels  of expression  of Class  I 
antigens. Broadly similar conclusions have been reached for the control of Ia antigen 
expression in adult rat gut epithelium (26). 
Thus  the strain  differences in  Ia  antigen  expression in epithelia are  not  due  to 
structural gene differences but to the actions of regulatory genes. This conclusion is 
supported by the findings in this and other studies (28) that constitutive expression of 
Ia antigens occurs at similar levels on B lymphocytes from all rat strains. Non-MHC 
genes therefore regulate expression of a  least two spatially separate I region genes in 
two embryologically disparate epithelia while not affecting expression by B lympho- 
cytes (and probably dendritic cells). Furthermore, in addition to genetic regulation, 
other factors such as maturity (26) and local immunological reactions (25) also affect 
the amounts of antigen expressed on intestinal epithelium. These findings suggest that 
regulated expression of Ia antigens in epithelia may have adaptive advantages for the 
organism and that Ia antigens could have specific functions in epithelia that may not 
necessarily be related to their functions in lymphoid tissue. 
The distribution of dendritic cells observed in this study is similar to that described 
in rat kidney by Hart and Fabre (7, 24). However, in the present study small numbers 
of Ia-positive cells  have  also  been  identified  in  the  glomeruli,  where they do  not 
appear to be intravascular leukocytes or mesangial ceils. They may correspond to the 
Ia-positive glomerular cells described by Schreiner et al (40). A  further new finding 
is  the  identification of dendritic cells  in  an  intraepithelial  position  in  the  urinary 
epithelium of the renal  pelvis.  It  is possible that  these ceils could have a  function 
similar  to  Langerhans  ceils  in  skin  (41),  perhaps  presenting  antigen  in  urinary 
infections. 
The subcellular distribution of Ia antigens in epithelia may provide important clues 
to  its  function.  Its  apparent  intracellular  localization  by  immunoperoxidase  and 
immunofluorescence (24) techniques in fresh frozen tissue is therefore significant and 
is supported by morphological studies on rat intestine (26)  and by reported absence 
of Ia antigens on the surfaces of dissociated renal tubule cells (36). The appearances 
of the  immunoperoxidase  reaction  product  in  kidney  and  gut  sections  suggested 2106  Ia ANTIGENS IN THE KIDNEY 
association  with  the  phagolysosomes  and  possible  involvement  in  macromotecule 
absorption (26), while its restriction to the proximal convoluted tubules where protein 
reabsorption and large lysosomes are found (42, 43) was consistent with this hypothesis. 
However, when fixation precedes freezing and sectioning there is little doubt that 
the lateral and basal cell membranes bear Ia antigen, although it is undetectable on 
the lumenal brush borders. The distribution is similar to that described by Parr and 
McKenzie (22) on mouse intestinal epithelium. The results also strongly suggest that 
Ia antigens are associated with the extensively infolded basal membranes of proximal 
convoluted tubule cells.  No evidence of a  granular reaction product or of circular 
profiles was seen, suggesting that the apparent intracellular distribution of antigen in 
poorly fixed material  could  be  artifactual,  perhaps  resulting  from  disruption  and 
rounding  up  of the  stacked,  infolded,  basal  membranes  in  unfixed  tissue  during 
freezing or sectioning. However, it remains possible that  fixation has masked intra- 
cellular antigen  (44), or that  there are differences between DA and BN rats in  the 
subcellular distributions of antigens. These possibilities are being examined. 
The function of Ia antigens in epithelia remains unsolved. However, their absence 
from the lumenal cell membranes and probably from intracellular organelles makes 
a role in uptake and transport of macromolecules appear less attractive. Rather, their 
display  on  the  lateral  and  basal  membranes  could  point  to  a  function  in  the 
presentation of absorbed antigen in an immunogenic form as described for vascular 
endothelium (15). Alternatively, Ia molecules might have a role in tissue organization, 
as suggested by Barclay (6). Ultrastructural studies will be required to precisely define 
the subcellular distribution of these important molecules, while dynamic studies will 
be necessary to assign them a  function. The question of expression of Ia antigens by 
human renal tubular epithelium (37, 38, 45) requires further consideration in view of 
the observed polymorphic expression of antigen in rats. 
Summary 
The distribution of Ia antigens in rat kidneys has been investigated by an immu- 
noperoxidase technique, using monoclonal antibodies directed at  framework deter- 
minants on molecules equivalent to gene products of the I-A and I-E/C regions of the 
mouse major histoeompatibility complex (MHC). Antigens mapping to both loci were 
detected in proximal convoluted tubule epithelium and on scattered dendritic cells in 
the interstitial connective tissues, glomeruli, and mucosa of the renal pelvis. All other 
structures were negative. Genetic studies indicate that  the levels of expression of Ia 
molecules from both genetic loci are controlled by non-MHC  genes in epithelium, 
but  not  on  lymphocytes.  The  subcellular  distribution  of Ia  molecules  has  been 
investigated  in  tubular  epithelium  and  is  discussed  in  relation  to  their  possible 
functions in epithelia. 
The authors are in~iebted to Dr. A. N. Barclay (Oxford) and to Dr. J. C. Howard (Babraham) 
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Hoskins  (Princess  Margaret  Hospital,  Subiaeo)  for histological  assistance,  and  to Miss M. 
Lindsay for typing the manuscript. 
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